0

I. General Description of the Method
An interferometer with two SAVART plates has previously been used more or less as a refractive index recording instrument 1 . In the present work it is used as a path difference measuring device by utilization of the wellknown technique of rotating a plane parallel glass plate in the light path. The two vertically sheared, partially overlapping wave- structural changes might be due to the rotation properties of the sulphate ions, which should cause only small changes in the conductivity.
The decrease in x and increase in i] when less than about 1.2 mole% K2S04 is added can be explained by assuming that a small amount of potassium ions can be accomodated in the octahedral positions of the sulphate lattice 6 ' n . At higher concentration of potassium ions there is probably a formation of dislocations.
A further discussion of the different phases must wait until X-ray investigations have been performed. This work was financially supported by the Swedish Technical Research Council. fronts interfere to give three sets of straight, vertical fringes in the plane where the glass plate immersed in the liquid is imaged. The upper and lower parts of the image consist of light passing only through glass or through liquid, respectively, giving rise to non-moving fringes. In the middle portion, of height equal to the shear distance and representing the vicinity of the edge of the glass plate, the fringes are the result of interference of light passing through glass with light passing through liquid. The position of these fringes is a measure of the path difference between the two beams. Thus the fringes will move as the glass plate is rotated around a vertical axis. By determination of the position of the fringes for a certain rotation of the glass plate, or (which amounts to the same thing and being the only feasible method with the large path differences used in practice) by counting the number of fringes passing a fixed point in the image, the path difference can be calculated from the formula 2 AZ = h[ (n 2 -riy 2 sin 2 a)*' 1 -n + ny (I -cos a) ] (1) where h = thickness of the glass plate, n = refractive index of the glass plate, nv = refractive index of the liquid, a = angle of rotation.
The present technique was developed in order to get a simple and accurate method for the determination of the refractive index of molten salts. The SAVART interferometer has certain advantages for this purpose: 1. The liquid can be contained in one single cell of relatively small dimensions and the apertures of the furnace can be kept small and at fixed positions. This facilitates the thermostating problems, which are generally difficult in accurate high temperature work. 2. The interferometer provides automatically the reference system necessary for the observation of the fringe movement, and it is not necessary to work with polychromatic light and to keep track of any achromatic fringe 3 .
II. Experimental Setup
The interferometer as described in ref. 1 had to be modified to a certain extent for the following reasons.
The visibility of the fringes is equal to the absolute value of the degree of coherence for quasimonochromatic light 4a . In the normal use of the interferometer, only the space coherence 5 needs to be considered, the shear distance setting a limit to the source slit width to be used 6 , while the generally moderate path differences do not give any problems with time coherence. In the present case the importance of the latter is evident from the fact that no fringes at all can be seen in the middle section if a high pressure mercury arc is used as light 2 L. H. ADAMS, J. Wash. Acad. Sei. 8, 265 [1915] . source. With a low pressure arc, however, the visibility of the fringes is excellent when the glass plate is perpendicular to the direction of the light.
According to the VAN CITTERT-ZERNICKE theorem the degree of coherence j //12 j between the vibrations at two points Pi and P2 in the object plane and thus the visibility V of the fringes in the image plane, are determined by 4b
for quasi-monochromatic light. Here I' and ti are the horizontal and vertical dimensions of the source slit and p und q are essentially the horizontal and vertical angular distances between Px and P2 as seen from the center of the source slit, ti has to be kept small since the nature of the technique requires a rather large shear distance; thus I' must be large because of intensity considerations. This means that even a very small sidewise shift of the beam when passing the rotated glass plate is sufficient to decrease the visibility of the fringes considerably. In practice it turns out that a sufficient number of fringes cannot by far be counted before the fringes vanish completely.
In the first effort to overcome this problem the light beam was allowed to pass a second glass plate, identical to the first one and rotated the same angle in the opposite direction. Thus the beam was restored to its original horizontal coordinate. The arrangement was successful from the optical point of view, but the experimental procedure involving the turning of the glass plates and measuring the angles made it less attractive.
The final arrangement is shown in Fig. 1 . A mirror Mj , adjusted to make the image of the source slit coincide with the slit, reflects the light back through the optical system. Another mirror M2, partially transmittant, sends part of the reflected light into the interferometer. The lens L thus acts both as the collimator lens and as the first member of the demagnifying system. The broken lines indicate the path of the light passing only through the liquid and below the glass plate. (The cell containing the liquid is not shown in the figure.) The glass plate is attached to a vertical axis which can be turned by means of a horizontal lever of length I. The movement of the latter can be measured to within ± 1 ju, by means of a gauge. The necessary readings are:
1. The position of the lever when perpendicular to the line of motion of the gauge arm: reading s0.
2. The position of the lever when the glass plate is perpendicular to the light beam: reading Sj. 5q and are approximately equal.
3. The position of the lever after counting a certain number of fringes: reading s2 .
The angle of rotation a of the glass plate is determined (apart from a small correction due to the specific mechanical construction of our apparatus) from the expression
The refractive index nv of the liquid is obtained from Eq. 
-cos aj J
where Tx = m X/ (2 h n), m = number of fringes; the glass thickness is taken as 2 h since the light passes twice through the plate.
Also the refractive index n of the glass plate may be calculated if that of the surrounding medium is known
1-cos a-r2 (4) where To = m A/(2 h nv).
The refractive indices used are referred to air of ambient temperature (dry air, 760 mm Hg, 0.03% C02). Thus the wave length to be used is the air wave length; its dependence on temperature (t, °C) is allowed for by the formula lt = (njnt) -Xu , = 5 460.724 Ä. (5) The refractive index nt of air is computed from Eq. (6), which is a consequence of the LORENTZ-LORENZ law n t = n is" ( n i5~ !) y(«-l5), n15= 1.0002772, y = 0.003685 deg." 1 (6)
III. Experiments
I. Two series of test experiments were made:
1. The refractive index of the glass plate (vitreous quartz) was determined by rotating the plate in air. The results are shown in Table 1. 2. The refractive index of water was determined at various temperatures, the index of quartz being taken as n =1.46015 + 1.1-10~5 («-20) 7 . Measurements were made for several angles of rotation, ranging from approximately 10 to 25 degrees for each temperature. The consistency of the values for different angles was good. In Table 2 only the maximum rotations are shown together with the corresponding number of fringes counted. The refractive indices given are the averages for the different se- where the probable errors are given. A slight nonlinear temperature dependence of refractive index is responsible for the somewhat larger errors in this case. For these measurements a laser was available [X -6330 Ä) which removed the problems of coherence mentioned above. For comparison two sets of older measurements are shown.
IV. Estimation of Errors and Discussion
The following expressions for the errors are derived from Eq. (3):
One obtains a similar expression for An from Eq. Two sources of systematic errors should be considered :
1. If the condition r < (Av) -1 , (x = AZ/c, AZ = path difference, c = velocity of light, Av = frequency width of the spectral line) is not fulfilled, the fringes are shifted 4a compared to the position in ideally monochromatic light, the shift being dependent on r. In principle this would mean that the shift is not constant during an experiment. In order to find out the "quality" of the light from the mercury lamp, a simple semiquantitative experiment was made: A number of glass plates were stacked in the light path and the fringes in the shear area were observed. The path difference corresponding to vanishing visibility was approximately 12 mm, indicating that the change of the path difference during an experiment (400 fringes«0.2 mm) should have little influence on the position of the fringes.
2. Dissolved air in the liquid should have an influence on the refractive index. The change of the index by saturation with carbon dioxide 11 of atmospheric pressure is -3'10~5. Since the solubility of this gas is approximately 50 times as large as that of air, it may be assumed that this error is much less than other errors involved 12 .
